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Table 2- values of ME, RMSE and MARE in different side slopes for free and submerged flow conditions
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MARE RMSE ME MARE RMSE ME Z (a°)
0.11 0.024 0.045 0.063 0.012 0.024 0.268 (75°)
0.12 0.012 0.022 0.055 0.006 0.01 0.4663 (65°)
0.073 0.007 0013 0.033 0.004 0.009 0.7 (55°)
0.11 0.005 0.012 0.041 0.003 0.005 1 (45%)
0.102 0.014 0.047 0.083 0.014 0.06 All side slopes (equation 11 and 12)
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Table 3- Statistical parameters for
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Table 4- Comparison of observed discharge with the equation 6 and obtained equations in this research for side
slope z= 0.268

b i Q (m¥/s) Q (M¥s) Q (m¥/s) Q (M¥s) Absolute Relative Error
(cm) (mm) obs. (from fig. 4) Eq. 11 Ghare 2020, Eq. 6 fig. 4 Eqg. 11 Ghare, 2020
130 0.005487 0.005566 0.005243 0.006262 0.054592 0.051766 0.070277
120 0.004985 0.004713 0.006246 0.005336 0.014295  0.138181 0.141125
115 0.004317 0.004317 0.004780 0.004900 0.000122  0.107346 0.135190
* 120 0.004660 0.004713 0.005243 0.005336 0.011344  0.125120 0.144923
90 0.002704 0.002630 0.002826 0.003001 0.027409  0.045143 0.110012
34 0.000441 0.000433 0.000396 0.000428 0.018113  0.101528 0.028332
105 0.004485 0.004436 0.004602 0.004504 0.010921  0.026201 0.004255
100 0.004252 0.004041 0.004162 0.004085 0.049613  0.021156 0.039220
82 0.002702 0.002785 0.002779 0.002747 0.030410  0.028237 0.016399
* 52 0.001314 0.001233 0.001133 0.001105 0.061073  0.137539 0.159142
32 0.000606 0.000547 0.000454 0.000418 0.097202  0.251460 0.309881
27 0.000495 0.000417 0.000332 0.000298 0.157998  0.328421 0.397996
103 0.004915 0.005122 0.005060 0.004802 0.042090  0.029493 0.022970
91 0.003936 0.004090 0.003954 0.003748 0.039137  0.004587 0.047747
86 0.003881 0.003696 0.003537 0.003348 0.071432  0.111439 0.159040
. 65 0.001975 0.002266 0.002055 0.001912 0.147058  0.040211 0.031817
50 0.001246 0.001457 0.001251 0.001132 0.168626  0.003362 0.092166
25 0.000511 0.000484 0.000354 0.000283 0.053806  0.308510 0.446879
93 0.005399 0.005000 0.004656 0.004362 0.073823  0.137495 0.192028
85 0.004479 0.004277 0.003914 0.003644 0.044952  0.126087 0.186411
72 0.002812 0.003223 0.002851 0.002614 0.146144 0.014021 0.070275
¥ 70 0.002716 0.003074 0.002704 0.002471 0.054248 0.072751 0.152433
60 0.002200 0.002379 0.002024 0.001816 0.081261  0.079835 0.174779
45 0.001410 0.001494 0.001191 0.001021 0.059325  0.155085 0.275721
Mean 0.063125 0.101874 0.142042
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Table 5- Comparison of observed discharge with the equation 6 and obtained equations in this research for side
slope z= 0.4663

b Y1 Q (m3fs) Q (m3s) Q (m3/s) Q (mdfs) Absolute Relative Error
(cm)  (mm) obs. (from fig. 4) Eq. 11 Ghare 26020’ E. fig. 4 Eqg. 11 Ghare, 2020
103 0.004865 0.004662 0.005087 0.005100 0.041857 0'02547 0.048166
0.04107
97 0.004269 0.004087 0.004445 0.004523 0.042647 4 0.059384
42 0.03212
82 0.002962 0.002841 0.003057 0.003232 0.041076 ' 2 0.091108
0.06122
35 0.000533 0.000499 0.000500 0.000589 0.063242 6 0.104516
0.00605
98 0.005092 0.004836 0.005123 0.005090 0.050401 0 0.000505
0.01088
93 0.004526 0.004335 0.004575 0.004584 0.042038 8 0.012842
0.04927
84 0.003504 0.003513 0.003677 0.003739 0.002398 3 0.067040
40 0.08139
70 0.002312 0.002426 0.002500 0.002597 0.049394 ' 4 0.123335
61 0.001789 0.001845 0.001877 0.001972 0.031474 0'01935 0.102589
0.05730
34 0.000549 0.000608 0.000580 0.000613 0.108404 4 0.116462
0.02379
95 0.005202 0.005160 0.005326 0.005300 0.008077 6 0.018727
0.05205
93 0.005063 0.005160 0.005326 0.005300 0.019297 0 0.046841
0.09357
78 0.003231 0.003488 0.003534 0.003573 0.079350 9 0.105591
38 0.04530
70 0.002708 0.002825 0.002831 0.002877 0.043063 ' 8 0.062359
55 0.001578 0.001785 0.001743 0.001776 0.131621 0'1%456 0.125969
0.28188
20 0.000356 0.000300 0.000256 0.000235 0.156564 8 0.340321
0.03197
90 0.005076 0.005212 0.005238 0.005300 0.026777 8 0.044029
0.01357
83 0.004504 0.004458 0.004443 0.004507 0.010227 . 0.000753
0.07344
73 0.003703 0.003491 0.003431 0.003487 0.057184 3 0.058394
36 0.00184
60 0.002331 0.002422 0.002327 0.002355 0.039128 ' 4 0.010492
0.13439
50 0.001886 0.001738 0.001632 0.001636 0.078158 7 0.132618
0.01180
34 0.000796 0.000883 0.000786 0.000756 0.109023 9 0.049611
Mean 0.055973 0'050920 0.078257
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Introduction

Flumes are one of the simple tools for measuring flow rate in canals that the flow rate can be
calculate only by measuring the flow depth at specific points of control section of them. Blanger
(1849) and Bazin (1896) were the first to conduct experimental and theoretical studying on
flumes. Since then, many research was done about hydraulic characteristics of different flumes
by researchers such as Parshl (1900), Robinson (1968), Samani and Magalanez (1992, 1993),
Proginelly and Bonacci (1997), Prabhat (1998), Samani and Magalanez (2000), Bdar and Gare
(2014), Davis and Samani (2016) and Mohammadi and Vatankhah (2020). Many of mentioned
researchers have done their research on rectangular channels. In this research, possibility of the
creating control section by installing a prismatic pier on the central axis of floor in trapezoidal
canal and flow measurement in free and submerged flow condition was investigated.

Methodology

To achieve discharge equations, many experiments were performed in free and submerged flow
conditions in a trapezoidal laboratory canal with length of 6 m, width of 46 cm, height of 70 cm
and with adjustable side slope. Four prismatic piers with head angle of 90°, width of 42, 40, 38
and 36 cm were tested. The height of each pier was considered equal to its width. The
experiments were performed on 4 side slopes.

Based on dimensional analysis, the following dimensionless equation was considered as basis of
experiments for both free and submerged flow condition.

Q Y1
= f -
\ ng { B, J .

where Q is discharge, g is gravity acceleration, y; is flow depth upstream of prismatic pier and
B is calculated from the following equation.

B.=B+2zy,—b )

where z is side slope of canal, B is width of canal and b is width of prismatic pier.
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Flow Measurement in Trapezoidal Canals...

On the base of 96 experiment in free flow condition (in a certain side slope, 6 experiment for a
pier) and 288 experiment in submerged flow condition (in a certain side slope, 18 experiment for
a pier with different submergence ratios) discharge equations for both free and submergence

flow condition were obtained separately.

Results and discussion
On the base of performed experiments, variation of dimensionless parameters Q/(gB:°)%° versus
y1/Bc corresponding to all 4 side slopes is presented in figure 1 and equations 3 and 4 in free and

submerged flow condition respectively.
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Fig. 6- Variation of y1/B. vs. Q/(gBc°)°* for different side slopes, a; free flow b; submerged flow
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According to equation 3 and 4, exponent of yi in both equation 3 and 4 is larger than circular,
trapezoidal and S-M flumes which are presented by Samani and Magallanes (1992, 1993 and
2000). This makes this flume ideal for water level variations than circular, trapezoidal and S-M
flumes. To determine accuracy of the obtained relationships and graphs, statistical parameters,
ME, RMSE and MARE, were used. Based on the relationship for all side slopes (equation 3 and
4) MARE is 8.3 and 10.2% for free and submerged flow conditions respectively.
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The results showed that, using of the flow measurement method in trapezoidal canals is Suitable
for free flow conditions and can be used by accepting 12% error for submerged conditions.

Conclusions

The results showed that,

- Using of this flow measurement method (equation 3) in trapezoidal canals is ideal for free flow
conditions.

- In submerged flow conditions, this flow measurement method (equation 4) in trapezoidal
canals can be used by accepting 12% error.

- This flow measurement method Compared to circular, trapezoidal and S-M flumes, has large
sensitivity to variation of upstream water level.

- It is suggested to the results of this research be used within the range of studied parameters.

Keywords: Free flow conditions, Irrigation Canals, Prismatic Flumes, Submerged Flow
conditions
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